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A soluble luminescent polymer comprising a first 
repeat unit [Ar1] and a second repeat unit 
comprising a unit of general formula (I) which 
substituted or unsubstituted: wherein X is RC-CR, 
S O or NR; Ar1, Ar2 and Ar3 are each 
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( r. r. tf , X(3RC = CR, S, O 4 li N R t fc 0 , J/:At, , A r 2 , * itJA r 
[0018] 

%■ * L < « , ^1 OftlL^fittf 2 OiIL#ftiliS5„ 
[001 9 ] 

ffi l 7t „ ^etc. ^ffiSAfcfi. * mm (o # y — <d « it « , rco^y-r-^ 

?t i!B CD 31 (-f^t3*>550nm~800nm) , ^#(C 550nm~750nm, * 
I4C I ElgX = 0 . 6 6, Y = 0. 3 3 t i 0 J tl5 If ^4 C 5 i 5 tl^T'f 

*b *b tt K t* m M '14 , JP X , ^ j; ^ ^ ^ *J 5 ft & a ^ *3 J; t5 # # Sr -a tf 0 
[ 0 0 2 0 ] 

ctotwcistfcs. ^^^K^-Ti/^sr^-r^^s^y-^-tSs ft ^ f ■>< * ts tt 

-e * < , M'&.^mmW- , ^Sffff/Wx, iitlisitj'i ri? y?-, tti £1 , 

[ 0 0 2 1 ] 

wjK y — « & JS $i # & £ ft v> „ 
[ 0 0 2 2 ] 

fft L< l±, #31 i! co /K y — f± ^ K m \z. m it ift :5c Rg £r ft t£ V. S^ikxtUi, ;Jx f± 

(cm ctk y — co sij co -y- v 7° ^ isi d i 5 m M -f z> m <o , fc s w-</wco»^'itsr#w-r 
5of, m & ~c h s o JI , rtLi4^^(c=tt®bfc/Ky-v'-i/«e5„ 

[ 0 0 2 3 ] 

[ fb i i 1 
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X - o,s 



JL\t 





10 



CD v> T ft l oT?J,5# U — fi |5& tL 3 0 
[ 0 0 2 4 ] 

[fkl 2 ] 



20 



Ar 2 



•Ar 2 




Ar. 



<II) 



30 



( ~ ~ -XT , X, Ar ls Ar 2 , *5 i^A r 3 (± ±IH O i 5 C S ^ ^ 5 ) „ r <73 IS ?ljfi 
[ 0 0 2 5 ] 

if l£ L < f± , *^i©# !) v-iJTE- *S I Vf*§ti,5iasK?:f t5 : 
[ftl 3] 




Ar= 



40 



(IV) 



(r I t\ x SO . 1 — 99. 9 m o 1 % &> 9 N y 11 0 . 1 — 99. 9 m o 1 % "C &> 3 
) o <fc t) if ~£ L < , x li 0 . 1 ~ 5 0 m o 1 % T? fe t) , y f* 5 0 ~ 9 9 . 9 m o 1 % t? 
£> 3 „ * & £f £ L < «: , x (3 5 ~ 1 Omo 1 % -e 9 , y«90^^6.95mo 1 % T' fe 5 50 
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[ 0 0 2 6 ] 

— 5£ I I I ©*fi^^ff fciJS I I IClttiDiS : 

lit 1 4 ] 




10 

(III) 



( r r T? , R ! ft i R 2 « [Si C ^ * fc « M ft "9 , ft ti * * * fc (3 S * $ ti tc * fc (4 

2£ a t& t ^ ^ ^ , r y — jv , -t" n r y — . r ;i/ ^ ^ , r r y — ^ , r y — 20 
{* , Rj fc±t/R 2 gm^tifc^fcii^e^coTy— /w * « ^ t 

[ 0 0 2 7 ] 

I451iSoiS?li< ^w^iPtt&J;^*®^^;^ t) <d i. b ft /N y — <d W & & m -t 

fc * iz. i> * Jl (C m * # 5 o -h IB -C # ^ $ ^ fc <fc 5 , r fb f± . f^'f^©i;y-K, 
7 / - K , *J h#f-ftSt5#y-7-fflHOMO/LUMOv;/fy7'^i|llt 

R 2 f± . 7;u*/v« T y — , g 7 ;v ^" o T , f tT/V*;!', T y s r A- =1 3- -> 30 

iLTI^^ixS 1 *7tfi-?rtuK±roM £r k, X & V^ „ # i£ , R x *5 J; Xf R 2 <£> ft 

[ 0 0 2 8 ] 

fife <z> ^ g -14 <D * (c . R ! t R 2 ilHi:-!?*i5itiS^4L^i*x?)jiS 0 £ 6> , 
[ 0 0 2 9 ] 

HC = CHifc»RC = CR ( n n x , ruiist**5) x$>z>x<d&$u-&, 3 is it 

x , Sfti*!)v-oifi$^i«t*^ 0 i£ , r.wii^tt^y-=?-cD^A¥fi%[6]_h 
^■iirSWi-'GSJBLT'b&v^ ^ o T , — o <7> £1 * L ^ Jfi fr£ S I- *5 ^ X , X 6 H C = C 

[ 0 0 3 0 ] 

te©$?3;LV , '*;fiigJl2ffl{£:}3V , >T{4> XI4RC = CRT*fcO> R ti. T A- A- , 7 A- = dr , 
^ ft 7 y — A- x ^1^^td75-;K Ty — /^*VSfcilArn7 D - ^*^f ->S 

t? (4 ft ^ „ 
[ 0 0 3 1 ] 

* tl)IA & i* , A r ! „ Ar 2 , fcilfAr 3 i* & l£ L < g & $ fc * fc « g SI <D „ 50 
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\? * h v r y — /i^r ^yifciif ^7yI^rt^t•t>s^^Ul,aiLft„ a #: ft 

(C f3 , A r ! , A r 2 , JJiVAr s tt^jl^MSlt, 2, 3-, 2, 5 - £ 7t 2 
, 6 -ti^yf >■ ; 3 , 4 - f j|f ^"7i > ;-3 , 4-1*75^; 9, 9 - H B ^ 7 
yP * \y S ; # g & t° y v> >- ; V - , ^^--^fc«79/-2, 3-g^v J Tv 5 >;^ 

fi7 i / f v«y ; * MJ 7 !l - ;W7 fc« If x hi) 7 5 - ;V7 ^ 

[ 0 0 3 2 ] 

#f * b < fi . A r ! , A r 2 , fciWAr 3 ^ L t 1 f fc K^ilfil 1« 

SSrf t5„ ^ l ggiK > T?>, r^dr/w, ry — ;v , ^ ^ n r y — ^ , 10 

7/i/a^v', 7;w^f/P7 !) -/V, T y — T /V ^ yv , T yw ^ yu ^ *c V , T y — yw ^- , 
T yu = v- T y - ^ 4 fc II 7 ;V 3 ^ -> t d 7 I) — /l/ M & & a 
[ 0 0 3 3 ] 

A r x , A r 2 , iO^A r 3 ©IK, 33 <k TJ« A r 1 , A r 2 , J3 i O 5 A r 3 C It 5 i 

*©IIS«IKtt, tSSfc-iUSSrofiiiti cd J; 5 ft tf? y — wttK^ril^-TSwtc 

[ 0 0 3 4 ] 

Jh IE # £ fc J: 5 s r *u ii , f * <n> jo y — K „ 7/-F, fei^*^ FMUt 

v-BHOMo/LUMovyf yy^tiits. ^tuiStSt^y-^ — « a 20 

[ 0 0 3 5 ] 

jifS L^Slf ICtJ^T, fig «0 ^ S 14 <£> «> , A r 2 tAr 3 § 
I: j?4 LV^fiff^ItfcV^TIS, A r 2 i A r 3 *5 H t f fc 0 > ^O^ftf tl^#t*f- 

^^iv^-cfcSc r. tw* , Itft^iSifelSSoit^ti:, ^ o y^ * (c £> it s 

[ 0 0 3 6 ] 

ft&ro^^bV^JS^^tC^SVT, Ar ! ttAr 2 feiffAr 3 t I ft 5 , 3; A r 2 £ A 
r 3 liftltHCT-fcS. £? * L < , Ar j iitft^fcS fcli#II© F P 7 y -/v 
75>S-?I)5„ £ , r t A£? ft ft|R*& rofg % it £ £ , ^of'yU^tfc 30 

lt5Rffftli*if#^tt5#!i - ft '5 - t & jtW £ *i tc „ 
[ 0 0 3 7 ] 

-IlllCfc^t, A r 2 tAr 3 BlUCffc^ o ^ fru ^ tl It 7 ;U 3r U is S -e \t ft 
„ 

[ 0 0 3 8 ] 

<T> y - it £ h K , ^§J£S;£fc«1fi§if^^;^STfe5^3©|?!ML>iM£ [Ar 
^D?r*i^f-r5»^teffl-^#S 0 A r 4 A r ! , A r 2 , A r 3 OV^f tl^ 1 O i I^C 

I ft 1 5 ] 
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•Ar 4 — Arj — Ar 




(V) 



10 



( £ r. t? , A r 1 , A r 2 N A r 3 , A r 4 , R i ^ *5 <£ TJ« R 2 « , -hafibfc^lfe^ffiO 

[ 0 0 3 9 ] 

V ~ telk <D $8. I& & i~ Z> : 
[ ft 1 6 ] 



( r i -C . X, A r ! , A r 2 . A r 3 , A r 4 , R t fcit^Rj li ±121 Iff! 1 © 9 % 

ro^TftaM£:fc^T^;i£&;fx5i:*5«5-t-&>3, xttO. 1~99. 8 m o 1 % , yttO. 30 

1 ~ 9 9 . 8 m o 1 % „ O z (3 0 . 1 ~ 9 9 . 8 m o 1 % £> 3 ) 0 HCjffSK ft 

, xtt|)2 5mo 1 %« y #0 2 5 m o 1 % „ /5» O z i* I^J 5 0 m o 1 % "T? 5 0 - 2x 5? ^ 



tffittfc^fe^?tSr*-rit^^tbUfc 0 rw-aEfrfc^fe^ftra, ciEffi^x=o. 6 
6 iffY = 0. 3 3ic:j;i5^3e^^#5„ -¥:tf><£5&tf?y^-», 3t ^ -t 2 ^ * > #(- 

* ffl -e fc 5 i i^f gJtiS. 

[ 0 0 4 1 ] 40 

_h L fc i o \c , ^^gi^cD^y-^ — D il> ;K y v-©^fft/-!y + -77° 

tfft5„ Sot, -)3a^{^:r.W^y■^-ti->^<i:fca5^•tt{-* : S:UTV^S^^ S 

[ 0 0 4 2 ] 

K £ % V ^ — (4 , ^y-^r — »®^W^fea#tt*5J;t>^PX^ttSr*L, ^^o^rco 

<D ^ >• K =¥ •y y^*Ilt5ii)?:tt5t»^fSt5. 
[ 0 0 4 3 ] 

[ 0 0 4 4 ] 50 




(VI) 



20 



[ 0 0 4 0 ] 



(15) 



JP 2004-500464 A 2004. 1 . 8 



$?l£L<», i^'>4< Hm„ = 1 O, OOO X fo 

£ „ ±9A-#ft#^-*cO/tfy-?--W:, l^±Lfc*nXtt J ^ffi^Ji*»«>J:5*lRj-hUfc«rtt 

[ 0 0 4 5 ] 

& & w \z x % & v ■<? ~- 1± . itt^^w^y-^ — , ^ y =? — N *^ # D - , - . 

5 , **)K!)-r--?4^„ r. co M. X , « it ffi * fc ft M M L ¥ ffi « * 7 - * {4 i: |Z »J £ 
ti5„ ^ y v- ( -f ft ;b *> , l tfiffl^y UlS^iiS) (4, 1H1 

[ 0 0 4 6 ] 

[ 0 0 4 7 ] 

* % BJ1 CO Jj? 2 CD ffi ifcfc <t tL iJ , ^ H i C # !) "v 1 — CO, )£f:f'/^ XOi^gitti LTOffi 
[ 0 0 4 8 ] 

^ y -v - & & 0 ft =f ' <4 * ¥f tt £ * -t" 5 fc & . ft fi "1 14 t? & 5 „ «iSHJ:« 
y-v--^±ta^'*Sfcit>(c, IftS^tffltl^L, /Ky-v--^!|#^co?§jS^(-*5^r"si 
itttt5:i* s tt5„ - JR ic , « ^ fit m x. ti h * v » f , T H F , K <t tfff 
i^fy^-^xy h^v^p^-^co^ftil^co*m^^^*l>o 

[ 0 0 4 9 ] 

* ^ co $g 3 co ffi m i- <t ft (5 , Elf ^ft U 7 jaAt5t*©Il ©If SAli> A 

«#^r^yr^aA-r5fcit)(o^2co«itiiAJii:, n i *5 i tj« n 2 co m ^ a a m <o m 

!£ B £ ft , Elf ^f-t UTfc'ifftSf^rtyr^gtL, *£-3-£-MrTft£r£D£-B:5;fc 
feco^^W^-^^tf^^Jlitr^tf^^^ hn;k;^tyxf/^x^f§t$^5 0 fg ft 

s « . (i) Mmffi*^vr&m2(DmffimAmfrbmftmm-^km&-tz ) fr^ (i i > 

(i i i) Elf ^f-^yriAlf ^r^PTi^StL, *§i^£*Tft£r^t£-tf:3:/tJ6 
[ 0 0 5 0 ] 

3§ ft Jl « , *|8BJ!(Cj;§l^fctt^:^K±co#y^-tr-g-^-, £ ®J co /K y — £ f£ « 
C^&SSo^i'y Fii>f)f jif 5: tliI*JJi5tfe5 9. Jh 3£ L fc J; 5 , IE 
?LS3±^/*fci4m^com®^^^3tWW^coWjM^^^[^ii^*Sfci6(r. * 3§ i3 i- J; 
5 1 * fc fi± ^ ft » -h co # y — #s -g- g ^ x t a ^ „ ftfcd . /> ft < i *> l ott^f Mi 
g#iLTttft5:HS0iLv\ r co *t , 7' v y F ft o . i m a % ~ i o o s * % 
, -- 1 ~ 2 o a * % , tfcHSl oii%©*i^t£5^y-7-^t*> ^ w V K 
coa^ttlEJLfeil^/^/tttm^-Wi^^y^-Sr-atPo 
[ 0 0 5 1 ] 

^oT*|fgPJ!«, $^S«Ofl ©If CiS i^fc«^n«±co^y-v-^^-tf^s^»/ 

[ 0 0 5 2 ] 

ft fr? 9 i£ , * ^ PJ! J; 5 y -x' — i* , 3i u ? h n ;V 5 ^ * y ^ f ^ ^ C fc" T , H 1 co 
«^aA14fclli2Wi;^ftAgo^f , ^ ft M » £ ^ t? IB ®J co ji i co ISH- & M 

-rsiiagijcojitb-cstt^n^So * , ^ n & m %m m- x & % m m <d m t l. x m m & ti 

* 3 0 r ft <b co fi S'J co JI fi£ , l^/ctt^e^«±co ( £ t. ft 5 ) EJLfcilF/tfclit^i 
ii£ S « (c Sg « b f# 5 „ 

[ 0 0 5 3 ] 

a * # ii , — is w ft £n it ^ a , i si i is ir;i 2 oiib^ft^; v-©i» 

[ 0 0 5 4 ] 
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ILT, * % m I- «fc 5 *K y - i* , #<fflI^-i©5*)©lotj;t)aii?t5„ 
[ 0 0 5 5 ] 

tt***^ v - ©HOfc*Olo©ifl^^^iJ, Ma c r omo 1 e c u 1 e s, 
1998, 31, 1 0 9 9 -1103 KI^^Tl^, rCi^ElS!^ Iftftft 

*y-7-ffl^7^;vl^iy/y y^4:ttf. r o*Si±-»i-, roj^a-a- ( y a m a 

mo to Po 1 yme r i s a t i on) J i: LT^ttlTV^S, 
[ 0 0 5 6 ] 

i&(Dm- ffit£%mtZ, * H #fr|g 5 , 7 7 7, O 7 0 f t V> t i * $ tl T ^ S o ^ » * ft 
(4, # n V fg (boroni c ac id) , C 1 ~ C 6 # p yfi^ r C1~C6 

5S= * J£ 9 -f K # t£ ^ / — , SfciJ 1 oog)Stt#P * n > (b 

oranic ac id) i X f /I' , ^ fc zj? — V >" ? (bor ing) St, 1 O <£> K 

^ H ig- r^^cfi-a- (Suzuk i P 1 yme r i s a t i on) J t b X %0 h frl X V 

[ 0 0 5 7 ] 

£f * L^IH «ifft i*. IliffIWO 0 0 / 5 3 6 5 6 tfcii^tl*^t*!), ^ <D 

tfc" 9 , (a) # n ^ m m , Ipyfi^f/H, fciO'**7 ^li5>f)IK§^5'>*< 
l:t)2oi»g)frtt/t;{/iSfftS (tea c t i ve boron derivative 
g r oup) ^ttSffl^ / v- h 4> ft < i t 2ooggttA7^ K "S - £ £r * 
•f-S^*^^/^— t©HJ£}l^#/;*7^tt (b) 1 o©StStt^7-f Ktiit , * n 

^^s, #ny|i^T;us, & x t$tf ? >- ^ £ n % i ^ <d Rfcm-fc <> mm 

mw-^t^m-r^^^m^/-7~-t<DK\z-m^m^x<Dm^^^^. ~ ~ , r ©risi 
-a- * « , * # i*= ^ y - » * -s- & iE •*- § » & jg t£ m m * <s> m m (iiif^y^^A) 

0 H <fc 15 4 D ii iR £ H 5 ) lifefc^ftSO t + ^^iwtlSS t Irttf. 
[ 0 0 5 8 ] 

n © # ft k «t 9 ^ § tt 5 * s§ ^ J; s y - » , # in fp -a- & & ^ „ m , s j£ b# m 

& M < , i>oift5S| ( #| x ii y< 7 ^ <7 A ) <D u -< >v ifi ^ v> ri> ib r- fe 5 „ 
[ 0 0 5 9 ] 

[ 0 0 6 0 ] 

if. m m <d m 4 <d m m i- <t k i±\ ^»Rjs?s-^#3 , t'-eaa'^ j frsr t^-g-tf±is^s^^^ 

(a) (i) Ji|EScS,^^^5^1C>^jgL.^{S:;i3J;t) 5 /^7c(* 
(i i) _hlE(-aS^tL5-^^:i^*-t-5^2(D^ML.mte, 

J3ilf**B^Sl, tffPVg^^TWl-S, j3±tf#7^S«' r i> t)IRJtl5'>4< H 

(b) m <D £ fc £ & 5 M 1 *5 J; TJ« / * tz. 2 <D mM L ^. fii: , & J; < i 2 o 

1 <7) B.j&m&yo ( ^ ^ x <d 5n&m it . mmmcd ;< ? v t , v mm 

*f**^-B (OH) 3 7 = ty(cg£^*5®(; + ^^iotlISt 5:ttt5) . 
[ 0 0 6 1 ] 

(a) (i) ±g|:SH^5fl©»IL#fi; *5J;D«/^fc:tt 
(i i) ±fBfcS3feS^5— J»S;iSr^r-f5^2©*ftjSU^ffi, 
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(b) 1©S fcltS 1 fciff/f fciJS 2 , 1 ooSSlt^7^ 

7 vi^e>i^$^, sfcrwRj^im-a-fttt, ^ * co ^ 9 v 5 j* a* « £ , s j& * ? * 
^^f*s^-B (oh) 3 ~ r ~ * > Kfeik & ^ % (o \c ^ ft t£ m<n ^ m&m t * ^ m -t z> 

) o 

[ 0 0 6 2 ] 

*3£iaJ3cD|g5cDfililK:J;ft(4\ I!) v-, t('*fefltJ;5#yv-oli(Dfcfc«I^ 10 
SJS^#5VNT^ffl-T5fc«)(75, TlE-fiSV I I 
[ it 1 7 ] 

E^fU®MML¥&j^^2©MHLW E 1 vii 



-e ^ § ft 

i4 IE ?L t 
co ffiHI 
CO 1 *3 
I LTl 
fc (4 Jl & 
[006 
L < 

ffifili F 
n > @£ K 
[006 

* 3£ W (4 
[006 

* 3£ 

[fbi 8 



5 flS-S- 

^ £ ft 
"9 , 

3 ] 

(4 , E 
x C 1 

„ sj? n 

4 ] 

5 ] 

151 
1 



*s * tft & ft 5 



IE ?L *3 ± / * fc (4 * ^ Ml i£ 1" S fc * , tJiUt/S fc 
y ^ — <z>i^<7>fcifcro±iEfb^^<oftffi;fr&fciiffe£ft£ 0 

2 ©istf eu, _h a* $ ft fc * 5§ ^ co m m * « * m ^ i 

5 i D t? •) > x i± 0 t fc 14 1 t* J; < , * fc E £ E 1 {4 l?r| C fc 3 £ 



1 

co h^-f tifalz. 



t E 1 {4 |Hl C r- fc 5 ii fc (4 S ft t) , o S '14 ^ 9 -Y KftEg*5J;TJ«S 
f Si D <C5#Of A> <b i! #1 £ ft 5 o <£ >9 £? * L < i4 , SJStt^7^ Kt 
*s «£ I 1 9 ^SSroti^it^ti, * fc 9 v SI * f* £ (4 # 



B 



7" /V : 



o co&^ L y -v- - (4 , TfBffi.j£ 



20 



30 




40 



[ 0 0 6 6 ] 

ii/^ h n^^-fev*?*^^ ;* M 43 </> T ft ffl Jti#5*ISia5*!) — £■ ip ^ u 
V K co — 0ij (4 , _h!Lfc*^itJ;5ff4LV^!Jv-i7), ;T ^ ^ >v y ;v u< v v y 
f 7i?Ty*-;I/2K!) v - j; tK !J (2, 7 - (9, 9--^-n-^-^^/W7/V^-U>-) 
- (1, 4-7=c-~U>>— ( (4—sec— ^^/I'^^^/l') 4 5./) - 1 , 4-7x = 

i/y) ) ( fTFBj ) to/i/y KtfeS. 50 
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[ 0 0 6 7 ] 
[ftl 9 ] 




10 



20 



30 



9, 9 - i> ir f =f- fls ~7 /V U S v? ^ X y- ;V ( 4 . 8 2 g , 9. O9mmol),-i>^n^ 

y f- Or v 5 T v 5 -y ( 1 . 323g, 4. 5mmol) „ 1 J (2. 720g, 

4. 5mmo 1) fcitfr h7*^ (h!J7i-;V*^7^y) ^° 7 >7 A (0) (30 

mg) roh^^vtxojgisflssr, m. m t? m «c b fc 0 mr«, f F?if ^7^* = !?^ 
Tkmitm (3 0mD *~rosiS?a-g-^)i'^iPL, ^vss^^i 1 5 °c ( ^ ana jt ( ex 40 

terna 1 temp. ) ) M b fc „ 2 OHfli, KJS&'T'n^-'O'-t?^ (15m 
L) -C ^ it (end-cap) £ it: fc „ 1 1 5 t t 1 t M I# LI It > 7 ^ = P V @? 

(2. 5 g ) ^ ^ jp l , $ h i . 5 m m m w % m it fc o r<DKJS?s-a-^^-jt^?a('^ 

SPL, tf?y-^ — £y-?y — /V (4L) £t H £ it: fc » # y — £r -5 i! L , F/HV (5 

OOmL) S ^ fif £ * fc „ * (220mL) t O -/f /V^ ; (30g) 

h ^ ^ y ^ $f jr. $s Jp L fc 0 r (D m. m -g- ^) * 6 5tt*i 8 B# PhI 2)P iJ. b , #c t * li * b fc 

o #«ffi^T^^^/v-y**^^i-aL, byw^^-e^y^-Sr^a^-arfco fa- ^ v 

Jr3 5 OmLtjllL, *D v - £r y- ^ y — (4L) £t SI £ it fc „ *K y -v- — 3r ^ 
L , 5£ 3£ # £ it: fc „ U m \t 6 2 % -e $> o fc „ 

[ 0 0 6 8 ] 50 
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m m m 3 

» ft 7* -f * « it £r H 1 \z. m L fc 0 7 7 - K 2 IJ , ^7 ^ i fctt/7^ f y ^ iS 1 i: 

^ is a * h a w & v ^ $ a - * x m it m ( utoj ) oit-& 5 0 7/-F210 

ff^{iiooo~2 0ooArow-efet), -KKfti 50oAt*5. *y-K5B^i 
5 o 0 Arof J&ftS^^v^AlffeS, » ffi w ffi » . Si oooAarrogns 



S±(ji/SfcStf if ti^biS. ;of /W^tt^i o o o A©J|^ 

IrWtS P E DO TWjEliiSftftl 3 Irttfo 16«, f S^JIJ ©#Affllt**5. 

[mi] 



[ 0 0 6 9 ] 



[ El 1 ] 
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I.0KXHE3CEMT EOI.YHER 

The present invention relates to a luminescent polyraeir, especially 
for use in ar. optical device such as an optical device comprising 
elecrraluminescer.t device. 

Electroluminescent devices are structures which emit light when 
subject to an applied electric field. In its simplest form, an 
electroluminescent device comprises a light-emissive layer between 
two electrodes. The cathode elec-rode injects negative charge 
carriers (electrons) and the anode electrode injects positive 
charge carriers (holes ) into the light-emissive layer. Light 
emission occurs when the electrons and holes combine in the light- 
emissive layer zo generate photons- As a. practical aspect, one of 
t ne electrodes is typically transparent, to allow the photons to 
escape the device. The light -emissive layer should be made from 4 
ligbt^eraissive material which may be laid down as a film without 
substantially affecting the luminescent characteristics of the 
material and which is stable at the operational temperature of the 
devi ce . 

The colour of Ch* -ight generated by the light -emissive material is 
determined by the optical gap or baadgsp of the organic light- 
emissive materia.1, that is to say the difference in energy between 
the "highest occupied molecular orbital" (HOMO) and th« "lowest 
unoccupied molecular orbital" (LUMO> levels. Effectively, the 
bandeap iB the energy difference between the valance ar.d conduction 
band- These levels can be estimated by photo emission measurements 
and iseasuremBnts of the electrochemical potentials for oxidation 
and reduction. The lsvel of these energies is- affected by numerous 
Eactora. Accordingly, the use of such values is indicative rather 
than quanta tat i ve - 
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Organic electroluminescent devices which use an organic material as 
the light-emissive material are known in this art. Among organic 
materials, simple aromatic molecule* such as anthracene, perylene 
and corenine are known to show electroluminescence. US $,539,50? 
discloses the use of small molecule organic materials as the light- 
einissive material . 

Polymers are advantageous over small molecules when used in optical 
devices because polyxer devices can be made on flexible substrates 
and layers of the polymer may be put down by economical coating 
methods. In addition, as discussed below, polymers have the 
possibility of tuning the bartdgap by structure modification. 

PCT/WOS0/13148 discloses an electroluminescent device comprising a 
semiconductor layer comprising a polymer film as the light-emissive 
layer which comprises at least one conjugated polymer - In this 
case, tne polymer filn comprises a poly { par a -phenyl en e vinylene) 
(PPif) film. 

It is known use a seraiconductive conjugated copolymer as the 
light-emissive layer in an electroluminescent device, foe example 
from £P 0544735. The semi conductive conjugated copolymer comprises 
at least two chemically different monomer units which, when 
existing in their individual horoopoiymer forms, .typically have 
different semiconductor bandgaps. The proportion of the chemically 
different monomer units in the copolymer can be selected to control 
che semiconductor bendgap of the copolymer so as to control the 
Optical properties of the copolymer. To aonte degree, the extent of 
conjugation of che copolymer can be said! to affect the bandgap of 
the copolymer- Increasing the exten- of conjugation has the effect 
of decreasing the bandgap up to the point of bandgap conversion. 
Therefore, selection of an appropriate polymer structure is one way 
of selecting the bandgap. This gives the very desirable feature of 
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controlling the coLour of the light output from the polymer when 
made co emit light. This property is useful particularly in the 
construction of electroluminescent devices. 

EP 06366S2 discloses a device for emitting green ligilt. The anode 
is a layer of transparent indium-tin oxide. The cathode is a liftl 
layer. Between the electrodes is a light-emissive layer of PPV. 
The device comprises also a hole tranapo:"-: layer of polyethylene 
dioxythiophene (PED0T1 which provides an intermediate energy level 
which aids the holes injected from the anode tc reach the HCKO 
level in the P?v. 

"Efficient blue-light emitting devices from conjugated polymer 
blends". Burgesson et al., Adv. Mater. 1996, 6, Ho. 12, pages 9B2-985 
describes a blue-light emitting device which employs conjugated 
polymer blends- The emissive layer of the device consists of a 
blend of PDHPT with PDPP. Light emission is from the PDHPT alone. 

Few !ow bandg&p materials are known which show good optical device 
characteristics when used in an optical device. These 
characteristics include the quantum efficiency when excited to 
luminesce, the solubility and processability of the material and 
the lifetime when used in a device. Other relevant characteristics 
for consideration include the stability of the polymer during use 
and storage of the device. 

A rurtfcer disadvantage associated with low bandgap materials is 
that they are difficult to make. It say be noted that polymers 
Bade by electrochemical oxidative coupling usually are net suitable 
for use as emitters and in an electroluminescent device. This is 
because they have poor device characteristics. For example, such 
polymers will have a large number of so-called defects, also, they 
are substantially insoluble and are not easily processable. Bn 
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example of polyraers made in this way are those disclosed in 
CheEJ.P , SatvC-l99fi, 8, page 570-578. The polymers disclosed therein 
were all obtained as insoluble deposits. Generally, the polymers 
disclosed in this document may be 9yir.fcol ised as [A-Q-AJn, whe-ra A 
is a itind of aromatic-donor unit and Q is a kind of O-quinoid 
acceptor unit. The bandgaps of Che disclosed polymers determined 
from optical absorption spectrum rang© from 0.5 to 1.4 electron 
volts. 

Macromol. Sapid. Comamri. 18, 1009-1016 [i997f discloses o aeries of 
quinoxaline-basiad conjugated polymers which contain, a ruthenium(II) 
bipyridine complex synthesiseci by the Suzuki coupling reaction. 
This document is particularly concerned with the desirable 
properties of metal-containing polymers and their promising 
applications. 

Synthetic Metals, 76, il996) T 105-108 discloses a poly {phenyl 
quinoxaline) . The electron-deficient quirjojcaline group is 
disclosed as rendering this polymer of particular intere-st as an 
electron-transporting material Cor use in multi layer and composite 
film electroluminescent devices. 

Despite work in the field of narrow bandgap polymers, there is 
still a need for electroluminescent polymers with a chemically 
tuneable red-light region emission, la particular, there is a need 
for such polymers which have, additionally, excellent devicse 
characteristics as discussed above. For the purposes of the 
present invention, the phrase red-light region means wavelengths in 
the range of 550 tint to 800 ran. 

It is an aim of thB present invention to overcome the deficiencies 
of the prior art and to provide such a polymer. 
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It is a further nim ~- the present invention to provide uses of the 
polysrter. 

Accordingly, the first aspect of the present ir.venricn provides a 
soluble luminescent polymer comprising s Zirst repeat wni- -Rrj.; 
and o second repeat unit comprising a unit of gen«xal formula " 
which is substituted or unsubstituted: 



wherein X is RC-CR,S,0 or HR and hr.. Ar-j and Rr 3 ace each 
independently an aromatic or heterearoreatic group and each K 
independently ie hydrogen or any suitable substituent group. 

preferably, the first repeat unit is different frcr. the second 
repeat unit. 

The applicants have unexpectedly found that the structure of the 
present polymer may be selected so thai the polymer acts as a low 
bandgap emitter when used in an optical device. rurtheimore, the 
present applicants have found that the structure of the present 
polymer ir.ay be selected so that the polymer gives good red-light 
region emission, <i.e. 550 nm to B30 nm) in particular 550 ran to 
750 nm or as defined by the CIE coordinates X=0.6S and Y=0-33. The 
present polymer has properties which give good device 
characteristics. These properties include solubility, 

orocessability, and flood efficiency and lifetime in a device. 
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Organic materials having smaller optical gaps, towards tha red end 
Of the visible spectrum, are of particular interest tc the present 
inventors. It is suggested that conjugated polymers that possess 
narrow baodgaps will be useful not only in optical devices but also 
in intrinsic organic conductors, non-linear optical devices, solar 
cells and JR emitters, detectors and sensors. 

The present polymer aoes not comprise a metal coraple*- 

AdvaKtageously, a polymer according to th& present invention hna 
substantially no structural defecrs. In other words, iz is 
substantially structurally regio regular . This is advantageous 
because this provides a level of certainty insofar as different 
samples of the same polymer will behave the same when used in an 
optical device. Usually, this will result in a fully conjugated 
polyaner . 

In one embodiment, the polymer is excluded where X is RC=CR, and 
AEs and Arj both comprise fluorene such that both floorones are 
directly bonded to trie quinoxaline and the quinoxaline is one of: 



Fh Ph 




X " 0,5 

substituted or substituted or 

unsubs tixuted unsubstituted 
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Preferably, the present; polymer comprises a group having a formula 
a shown In general formula ir which i3 substituted or 
unsubstituted: 



wherein x, flri, Ar 3 and An are defined as above. This arrangement 
increases conjugation along the polymer backbone and may result in 
a fully conjugated backbone. 

Also, preferably, the present polymer has the following 
composition : 



where x is 0.1 to 99.9 nol * and y is 0.1 to 99.9 mol 8. It i3 
hok preferred that x is 0- 1 to 50 pol 4 and y is 50 to 99.9 mol I. 
Most preferably, x is 5 to 19 mol » and y is 90 to 93 mol S. These 
preferred compositions have been found to result in polymers with 
advantageously low ijandgaps which give good red-light region 
emission. 

In another aspect of Che present invention, preferably, the second 
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repeat unit of the present polymer comprises or even consists of 
the unit cf general fornula III: 



wherein R t and R : are the same or different and each comprise an, H t 
or a substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, 
alkylaryl, axyiakyl. alkoxyaryl or alkosiyheteroaryi group. 
Preferably, at least one of Ri and R; will comprise a substituted or 
unsubstituted aryl oc beteroaryl group. 

Selection of different substituent groups may be used to select 
properties of the polymer such as its solubility and extent cf 
conjugation- Thus, also, those may usefully be selected to 
modulate the semiconductor bandgap of ~he polymer. As discussed 
above, this helps in HOMQ/JLUMO matching of the polymer with the 
device cathode, anode and host material . This can tune the 
wavelength and quantum efficiency of the polymer. To this end, 
preferably i Ri and Rj may comprise one or mere substituents 
independently selected frrafi the group consisting of Alkyl, aryl, 
pert Uoroalkyl, thioalkyi, cyanO, alJccxy, heteroaryl, alkylaryl and 
arylaifcyl groups- Specifically* preferred substituents of Ri. and R; 
are substituted or ur.subatituted phenyl groups. 




x 



(in: 



Preferably, fee ease of synthesis, ic is envisaged that Ri and 
are the sarae. Furtnerniore, it is envisaged that, preferably, Bi 
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and R3 are the same and are each a substituted or unsubscituted 
phenyl group. 

The selection of X being HC-CH or RC--CR. where R is a substituent 
group may be used, to soine extent, to select the extent: of 
conjugation and the bandgap of the polymer and thus to tune the 
wavelength and <tuane.ua efficiency of ^he polymer. Also, thin 
selection may be used tc improve the solubility of the polymer. 
Accordingly, in one preferred emtoodiraen c , X is MC=CH. 

In other preferred embodiments, X is RC-CR and R co.-nprisea an 
alkyi, alkoxy, unfused aryl, unfused heteroaryl, aryloxy or 
heteroaryloxy group. "n other words, in one preferred einbodiment 
neither R is part of a fused ring system. 

The applicants have found that Ad, At; and Ati may advantageously 
comprise a substituted or unaubstituted, fused or unfused benzene, 
thiophene, furane, fluorene, triarylaralne, bistriarylamine or 
pyridene group. specifically, Rri, Arj and Ar3 may each 
independently comprise a 2-3-, 2-5- or 2 r 6-subst itut^d benzene; 3,4- 
substituted thiopheee,- 3, 4-substituted furan; 9, 9-disubstituted 
CLuorene; unsubs tituted pyridene; benzo- , thio- or furano-2,3- 
substi-uted diazine; unsufcstituted phenothiodiazine; or an 
unsuhsrituiied triarylarair.e or bistriarylamine group. 

Advantageously* Ari, ftrj or Ar3 each independently have ere or more 
stsbst ituents. Preferred substituents include an H, amine, aikyl, 
aryl, heteroaryl, alkoxy, alkylaryl, arylalkyl, alkyioxy, aryloxy, 
alkcxyaryl or a^koxyheteroaryl group- 
Selection of Ari,, Ar = and Arj and seleetien of cifrerent substituent 
groups on Ari, Ari or Ar» may be used to select properties of the 
polymer such as its solubility and extent of conjugation. 
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Also, these may usefully be selected to modulate the semiconductor 
bandgnp of the polymer. As discussed abovej t^iis helps in 
HOMG/UUMQ matching cf the polymer with the device cathode, anode 
and host material. This can cure the wavelength and quantum 
efficiency of the pclymer. 

In a preferred embodiment, for ease of synthesis, Ar = and Ar^ are 
the same. In a further preferred embodiment, Ar; and Ar-> are the 
same ar.d are each an unaubstituted thiophene group. This Jias been 
found to result in a polymer which gives particularly good red- 
light region emission and which has good efficiency srid lifetime in 
a device. 

In another preferred embodiment, Ar» is different from Ar 2 and Ar 3 
and optionally Axa and Arj are the same. Preferably, Ar* is a 
substituted or unsubstituted triarylanine group. Again, this has 
beer, found to result in a polymer which gives particularly good 
red-light region emission and which has good efficiency and 
lifetime in a device. 

In pne embodiment, fcr 2 and Ara are the same and each, is not a 
fluocene group. 

It is envisaged that the present polymer may further comprise a 
third repeat uni: [Ax«] uhich is an aromatic or heteroaromatic 
group . This can be used to maintain the extent of conjugation 
along the length of zhe polymer backbone . Ar> may be the same or 
different from any one of Arn Arr and Arj. tther. the present 
polymer comprises a third repeat unit, it is preferred that the 
polymer coir.pri.ses a group having a formula as shown in general 
formula V; 
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•Ac 4 — Ar^ — Ac, 



wherein Ar;, Arm Ar?.. Ar„ R ( And R E are as defined in any of the 
above embodiments . 

In one further preferred embodiment, when the present: polymer 
comprises a third repeat unit, the polymer has the following 
compos! tian: 



wherein X, An, Ar 2( Arj, Ar*, Ri and Ri as defined in any of the 
above embodiments and x is 0.1 to 99 . B mol 5, y is 0.1 to 99.9 «ol 
% and 7- is 0.1 to 99.3 mol t. More preferably, x is around 25 rao^ 
%, y is around 25 mcl i and £ is around SO mol %. These preferred 
compositions have been found to result in polymers which give good 
red-light region emission. 

The inventors have found that , in particular , polymers in 
accordance with the present invention shows excellent red light 
emission when excited to luminesce. This excellent red light 




(VI) 
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emission may be defined by the CIE coordinates X"0.c6 and Y=C.33. 
Such polymers are expected to be extremely useful as an emitter in 
optical devices, particularly optical devices comprising an 
electroluminescent device. 

As described above, the extent of conjugation of the present 
polymer affects the semi conductor bandgap of the polymer . 
Therefore, typically the polymer is at least partially conjugated 
or even substantially or fully con jj gated . 

Polymers according to the present invention provide materials with 
the attractive physical and processing properties of polymers and 
the ability in their synthesis to select the aryl or heteroaryl 
groups and their substituents so as to modulate the bandgap of the 
polymers. 

Usually, the degree of polymerisation of" polymers in accordance 
with the present invention is at least three. 

Preferably, polymers according to the pres&nt invention will have 
an average molecular weight of at least mo - 10 f 000. Higher 
molecular weight polyners have improved properties such as inproved 
processability and phase separation behaviour. 

Polymers according to the present invention include linear 
polymers, oligomers, homopolymere, copolymers and terpoiymera . 
Pref srably, the polymer is a copolymer or tetpolyrr.eE and not a 
horcopclym&r. In this regard, a structural unit or r*peac unit is 
distinguished from a monomer ic unit. A homopolyroer (i.e. prepared 
by polymerisation of a single type of monomer) may be defined to 
have more than one different structural or repeat unit. 



A film or coating comprising a polymer in accordance with the 
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present invention also is provided. 

According to a secor.d aspect of the present invention, there is 
provided the use of the present polymer as a component of en 
optical device. Specifically, the optical device may comprise an 
electroluminescent device. 

In ordei for the polymer to have good device characteristics it is 
soluble. Substi tuents may usefully be selected to confer on the 
polymer solubility in a particular solvent system, for example for 
depositing the polymer on a substrate- Typically solvents include 
coraron organic solvents, for example toluene, xylene, THF and 
organic ink-jet irk formulations. 

Seconding to a third aspect of the present invention, there is 
provided an electroluminescent device comprising a first, charge 
injecting lay«*r for Injecting positive charge carriers, a second 
charge injecting layer foe injecting negative charge carriers, and 
a lignt-eraissive layer located between the first and second charge 
injecting layers comprising a light-enissive material for accepting 
and combining positive and negative charge carriers to generate 
light. The light -enissive layer conprisos a polymer according to 
the first aspect of the present invention for (1} transporting 
negative charge carriers frOffl the second Charge injecting layer to 
the light-emissive material (ii J transporting positive charge 
carriers from the first charge injecting layer to the light- 
emissive material or, most preferably, Uii> accepting and 
combining positive and negative charge carriers to generate light. 

It will be appreciated that the light-emissive layer may be formed 
from a blend of materials including one or more polymers according 
to the present invention, and optionally further different 
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polymers. As mentioned above, the one or more polymers according 
to che present invention may be included in order zo improve the 
efficiency of hoi* and/or electron transport from Che electrodes to 
the light-emissive material- alternatively, it is preferred that 
at lea3t one is included as the light-emissive material itself . Ir. 
this case, the blend would comprise from C-1 % to 100 5 by weight, 
usually from 1 to 30 % or around 13 V of a polymer according to 
this invention with the remainder of the blend comprising hole 
Aftd/or electron transport polymers. 

Accordingly, t he present invention also provides a composition 
comprising a nixture/blend comprising one or more polymers 
according the first aspect of this invention. 

Alternatively, a polymer according to the present invention may be 
provided in an alactroluninescent device as a discrete layer 
Situated between aither the first or second charge injecting layer 
and a discrete layer comprising the light-emissive material. Also, 
it may be provided as a discrete layer which is the light-emissive 
material. These discrete layers option&lly may be in contact with 
one or more (additional) hole and/or electron transporting layers. 

The skilled person will know from general knowledge how to prepare 
first artd second repeat unit monomers in accordance with the 
present Invention. 

<5enerally speaking, polymers according to the present invention may 
be prepared by one of several polymerisation methoda . 

One suitable method, particularly for the preparation of 
nomopolymers, is disclosed in Macromolecules. 1999, 31, 1099-1103. 
The poiyaerisation reaction involves nickel-mediated coupling of 
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dibrc^iide monomers. This method commonly is known as "Yamaraot© 
?o lymerisation". 

Another suitable method is disclosed in US Patent No. 5,7??,C"70. 
The process invoLves cone-acting monomers hiving two reactive groups 
selected frors boronic acid, C1-C6 boronic acid ester, cl-c6 borane 
snd coxr.binatians thereof with aromatic dihalide functional monomers 
or monomers having one reactive boronic acid, boronic acid, boranie 
acid ester or boring group and one reactive halide functional group 
with each other. This reaction is Known -o those skilled in this 
art as "Susuki Polymerisation".. 

A preferred method ot preparation is described in International 
patent publication Mo. WO O0/53S56, the contents Ot which are 
incorporated herein by reference. This describes the process for 
preparing a polymer, which comprises polymerising in a reaction 
mixture (b) an aromatic monomer having at least two reactive boron 
derivative groups selected from a boronic acid group, a boronic 
ester group end a borane group, and an aromatic monomer having at 
least two reactive halide functional groups; or <b) an aromatic 
monomer having one reactive halide functional group and one 
reactive bcron derivative group selected from a boronic acid group, 
a boronic ester group and a borane group, wherein the reaction 
mixture comprises a catalytic amount of a catalyst <s„y. palladium} 
suitable for catalysing the polymerisation -of the aromatic 
monomers, and an organic base in an amount sufficient to convert 
the reactive boron derivative functional groups into -BX-," anionic 
groups, wherein X is independently selected frorr. the group 
consisting of ? and OH. 

Polymers according to the present invention which have been 
produced by this method are particularly advantageous. This is 
because reaction tines are short and residual catalyst le.g. 
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palladium) levels are low. 

The skilled person is credited with the knowledge of knowing which 
o£ the above n-.eth.ods would be most suitable for preparing a 
particular polymer in accordance with the present invention. 

According to a fourth aspect of the present invention there is 
provided * process for preparing a polymer as defined above which 
comprises polymerising in a reaction mixture: 

(a> a first aromatic monomer comprising 

li) a first, repeat unit as defined above,- and/or 

Iii> a second repeat unit having general formula I as defined 

and at least two reaction boron derivative groups selected from a 
borcnic acid group, a boronic ester group and a borane group; and 
(b) a second aromatic monomer comprising the other or further of 
the first and/or second repeat units and at least two reactive 
halide functional groups. 

wherain the reaction mixture contains a catalytic amount of a 
palladium catalyst, and an organic base in an amount sufficient to 
convert zt\9 reactive boron derivative groups into -BfOH3 5 anions- 

A further process according to the fourth aspect of this invention 
for preparing a polymar as defined above also is provided whicft 
comprises polymerising in a reaction mixture: 
(a) a first aromatic monomer comprising 

(i) a first repeat unit as defined above; and/or 

(ii) a second repeat unit having general formula 1 as defined 
above , 

and one reactive halicte functional group and one reactive boron 
derivative group; and 

tb) a second aromatic monomer comprising the other or further or 
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the first and/or second repeat units, and one reactive haiide 
functional group ana one reactive boron derivative group, 
wherein each bcrane derivative group is selected from a boronic 
acid group, a boronic ester group and a borane group and the 
reaction mixture contains a catalytic amount of a palladium 
catalyst, and an organic base in an Mount sufficient to convert 
the reactive boror. derivative groups ir.to -BIOHIj" ar-.ions. 

According to a fifth aspect of the present invention there is 
provided a compound : 

£ — f-firsc repeat unit- \ — second repeat unit E 1 VII 



tor use in a polymerisation reaction for the preparation of a 
polymer, particularly a polymer according to this invention. Also 
provided is the use of the above compound for the preparation, of a 
polymer according to the first aspect of this invention for 
transporting hoLes and/cr electrons and/or for accepting and 
combining holes and electrons to generate light in an optical 
device. The first and second repeat units in this compound are as 
defined in relation to any aspect o= embodiment of this invention 
described above, X may be 0 or 1 and E and £' are the same or 
different and are reactive groups capable of undergoing chain 
extension . 

Preferably, E and E 1 are the sarae cc different and are selected 
fcon the group consisting of a reactive haiide functional group and 
a reactive boror derivative group. More preferably, the reactive 
haiide functional group is selected from the group consisting of F, 
CI, Br or I and the bcrane derivative group is selected from the 
group consisting of a boror.ic acid group, a boronic ester group or 
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a ©orane group. 

The present invention now will be described in more detail with 
reference to tho accompanying drawings in which: 

Figure 1 is a schematic digram of an optical device according to 
the present invention. 

One preferred polymer in accordance with the present invention is 
the polymer having composition: 




PhPh 



one example of a blend Including a polymer according to the present 
invention that could be used in an electroluminescent device is a 
Blend cf the preferred polymer aecordir-j to this invention referred 
to above with a dioccylf luorene ber.zothladiazole polymer and 
poly [S , 7- ( 9. 9-di-n-octylf iuorene) - d, 4-pher.ylene- [ ! 4- 
secbutylphenyl) inino) -1. 4-phenylene) ! "TFB") . 



Example 1 

preparation of the Polymer 
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"trimer 3 W 

ft suspension of 9, 9-dioccylfluorene-diester (4.62 9, 9-09 ranoi) , 
di.bror.o-ber120thicdiazi.ne (i.323 g, 1.5 mmoU, "trinrer 1" (2.720 g, 
4.S r.nol) and tetrajtis Itriphenyl phosphir.e) palladium {(1) !3S ng ! 
in toluene (90 ml.) mc de-gaaed with nictojen. After 1 hour, 
tetrsethyl ammonium hydroxide (30 ml! was added to the reaction 
mixture and the suspension heated to -115 "C (external term.). The 
reaction was end-capped with bromobenzeoe (15 ml.) after ZC hours. 
Stirring was maintained at 115 "C Cor I hour then phenyl horonic 
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acid <2.5 gl was added and stirring continued for a further 1.5 
hours. Once the reaction mixture had ccoled to r.t. the polymer 
was precipitated into methanol («L) . Tn« polymer was filtered off 
and re-dissolved in toluene (SCO mL) . A solution of dithiOCaroamlc 
acid (30 g) in H;0 (2JO nL) was added to the toluene solution. The 
salt mixture was heated to 65 *C for 16 hours and then the aqueous 
layer was removed. The organic p;iase was passed down a:i 
aluTi'.ina/silica column, elucing the polymer with toluene. The 
toluene was condensed to 350 mL and then precipitated into methanol 
141.). The polymer was filtered off and dried thoroughly. The 
yield was 62%- 

Example 3 

Electroluminescent Device 

ft suitable device structure is shown in Figure 1. The anode 2 is a 
layer of transparent indium-tin oxide ("ITO") supported on a class 
or plastic substrate 1. The anode 2 layer nas a thickness between 
1000-2000 ft, usually about 1500 A. The cathode 5 is a Ca layer 
having an approximate thickness of 1500 A. Between the electrodes 
is a light emissive layer 4 having a thickness up to about 1000 A. 

The emissive layer 4 comprises between 0.5 to 30* by weight of the 
present polymer with Che remainder of the emissive layer consisting 
of hole and/or electron transport material. Advantageously, the 
device includes a hole transport material layer 3 of PEDOT having a 
thickness of about 1O00 A. Layer 6 is an enearxeulant layer of a 
suitable thickness- 
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CUUKS: 

1. A soluble luminescent polymer comprising a first repeat unit 
{An] and a second repeat unit comprising o unit o£ general formula 
I, which is substituted or unsubstitutsd: 




wherein x is RC-CR, S, O or MR; 

fiXLr Ar s and Ar 3 are each independently an aromatic or 
heteroaroinatic group." and 

each R independently is hydrogen or a substituent group. 

2. A polymer according to claim i, excluding the polymer where X 
is nc-CR, and Ar* and An both comprise Jluorerte such that both 
fluorenes are diir-ecriy bonded to the benzodiazine and the 
benzodiazine is one o£; 



Ph Ph 




substituted or substituted or 



unsubstituted unstibsnituted 
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3. A polymer according to claim 1 or claim 2, wherein the first 
repeat unit is different ftoir. the second repeat unit. 

4. A polymer according to any one the preceding claims, 
wherein the components are selected so that the polymer is capable 
of er.icring light at a waveien^th in che range 550-500 nm. 

5 . A polymer according to any fine a f the preceding c laircs, 
wherein the polymer is structurally regie-regular. 

6. ft polymer according to any one of the preceding claims, which 
comprises a group having a formula as shown ir. general formula II 
vthich is substituted ar unsubstituted: 



wherein X, Ar ;y Ar z a:id Rr 3 are as defined in claim 1. 

1. A polymer according to any one of the preceding claims, having 
the following composition; 



- An* 




X 



ITI) 





X 



[IV) 
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where X is 0.1 to 99-5 mcl * and y is 0.1 to 99. B moi *. 

B. A polymer according to claim 7. wherein x is 5 to 10 mol * and 
v is 90 to 95 r*oi »- 

9. A polymer according to any one of the preceding claims, 
wherein the second repeat unit comprises a unit of general formula 
III: 



(III! 



...V-M-ar,- 



wherein B L and R 2 are the same or different and each comprise an H 
or a substituted or unsubscituted olkyl, aryl, neteroaryl, alkoxy, 
aryloxy. alkylaryl, arylakyl, alkoxyaryl or altoxyhctcroaryl group. 

1C. A pclymer according to claim 9, wherein R s and B s are the same 
and are each a substituted or unsubsticuted phenyl oroup- 

11. A polymer according to claim 9 cr claim 10, wherein at least 
one of Ki and R: comprises a substituted aryl or neteroaryl group. 

12. A polymer according to any one of the preceding claims, 
wherein X is HC-CH. 

13. A polymer according to any one of claims 1 to 11 wherein X is 
rc-CR and R comprises an alkyl. alkoxy, unfused aryl, infused 
neteroaryl, aryloxy or heteroaryloxy group. 
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14 . A polymer according to any one of the preceding claims, 
wherein An, Ax a and Ar 3 each independently comprise a substituted 
or unsubstituced* fused or unfused benzene, thiophene, £uran, 
fluorene, triarylsmine, bistriarylamine or pyridine group.. 

15. A polymer according to claim 14, wherein Ar ; , Ar- and Ara are 
each independently B 2,3- r 2,5- ox 2,6- substituted benzene; 3,4- 
substituccd thiophene; 3, 4 -substituted furan; 9, 9-disubstituted 
fluorener unsubstituted pyridine? banzo- r thio-, or furano- 2, 1- 
subsritutcd diamine* unsubetituted phenothiadiazine or an 
unsuostituted triarylamine or bistriarylamine group. 

16. R polymer according to Claire 14 or claim IS, wherein one or 
more substicuents in Ad, Ar 2 or Ar 3 ace independently an H, amine, 
aikyl, aryi ( heteroaryl alkoxy, alkylaryl, arylalkyl, alkyloxy, 
aryloxy, alkoxyaryl or alkoxyhateroaryl group. 

\i . A polymer according to any one of the preceding claims, 
wherein Ar 2 and Ars are the same. 

IB. A polymer according to claim IT wherein Arj end Ar3 are the 
sane and neither is a fluorene group. 

19. A polymer according to claim 17 or Claim 18, wherein Ar £ and 
Ar 3 are each an unsubstituted thiophene group. 

20 . A polymer according to any one of the preceding claims, 
wherein All is a substituted or unsubstitLited triarylasaine group. 

21. A polymer according to any one of the preceding claims which 
comprises a third repeat unit [Ar«J which is an aromatic or 
heteroaromatic group And is different from Arj,, Ar* and AX3. 
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22. A polymer according to claim 21, which comprises a grojp 
having a formula as shown in general rontula V: 



r _Ar._/ > 



wherein X, Ar„ Ar=. An, Ar„ Bi and R, are as defined in any one o. 
the preceding claims. 

23. A polymer according to claim 21 or claim 22. having the 
following composition: 



a n 



-Ax, 



(VI) 



wherein X, Axi, Ar 2 , A«, Ar„ 5i and fij are as defined in any one of 
the preceding claims and x is 0.1 to 99.8 niol *. y is 0.1 to 99. S 
mol ti and z is C.l to 99.8 mol *. 



24. A polymer according to claim 23, having the following 
composition : 
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25. A polymer according to any one of the preceding claims, Che 
degree of polymerisation of which is sufficient co achieve bandgap 
convergence. 

26 . A polymer according to any one of the preceding claims, 
wherein the degree of polymerisation is at least 3. 

27. A polymer according to any one of the preceding claims, 
wherein the polymer is not o homopolymer. 

28 . A polymer according to any one of the preceding claims, 
wherein the polymer is capable of emitting light defined by CIE co- 
ordinates X = 0.56 and Y - 0.33. 

29- A polymer according to any one of the preceding clains, 
wherein the polymer is conjugated. 

30. "Jse of a polymer according to any one of the preceding claims, 
as a component of an optical device. 

31. U3e according to claim 30, wherein the optical device 
comprises an electroluminescent device. 
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32. an optical device or a component therefor, «hi=i: comprises a 
substrate and a polymer according to any one of claim 1 to 23, 
supported or. the substrate. 

33. An optical device or a exponent therefor, according to claim 
32, wherein the optical device comprises an electroluminescent 
device. 

34. An eiectrolumiMScerit device according to claim 33 comprising: 
a first charge injecting layer fox injecting positive charge 

carriers ; 

a second charge injecting layer for injecting negative charge 
carriers; 

a light-emissive layer located between the first and second 
charge injecting layers comprising a light-emissive material for 
accepting and combining positive and negative charge carriers to 
generate light : 

wftereir. the light-emissive layer comprises a polymer as defined in 
any one claims 1 to 29 for (i! transporting positive and/or 
negative charge carriers froi. the first and/or second charge 
injecting layer tc the light-emissive material or lil) accepting 
and combining positive and negative charge carriers to generate 
light. 

35. ft process for preparing a luminescent polymer according to =ny 
one of claims 1 to 29, which comprises polymerising in a reaction 
mixture: 

(al a first aromatic monomer comprising 

(1) a first repeat unit [An! as defined in claim 1, 14 to 16 
or 2C; and/or 

(iil a second repeat unit having general formula I as defined 
in claim 1 or 9 to 13, 

and at least two reactive boron derivative groups selected from a 
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bcronic acid group, s boronic ester group and a borane group; and 
<b) a second aromatic monomer comprising the other cr further 
of the first or second repeat units and at least two reactive 
haiide functional groups, 

wherein the reaction mixture contains a catalytic araount of a 
catalyst, and an organic base in sr. amount sufficient to convert: 
the reactive boron derivative groups into — B fOH) -j" anions- 

36. A process for preparing a luminescent polymer according to any 
one of claims I to 23, which comprises polymerising in a reaction 
mixture: 

(a> a first aromatic raonower comprising 

(U a first repeat unit [Axi3 as defined in claim 1, 14 to 16 
or 20; and/or 

<ii> a second repeat unit having general formula I as defined 
in claim i or 9 to 13, 

and one reactive haiide functional group and one reactive boron 
derivative group; and 

(bl a second aromatic monomer comprising the other of the 
first or second repeat units and one reactive haiide functional 
group and one reactive boron derivative group, 

wherein each borane derivative group is selected from a boronic 
acid group/ a boronic ester group and a borane group and the 
reaction mixture comprises a catalytic amount of a catalyst, and an 
organic base in an amount sufficient to convert the reactive boron 
derivative groupe into -B(0H)a' anions. 

37. A compound for the preparation of a polymer as defined in any 
one of claims 1 to 25 having general formula vilt 

E— -f-iirst repeat unit- } — second repeat unit — — E " vil 
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where x - 0 or 1 and E and E : are the same or different and are 
I1S cti»» groups capable of undergoing chain extension. 

38. ft compound according to claim 37 where E and E : are the same 
or different and aire selected iron the group consisting of a 
reactive halid* functional group una a reactive boron derivative 
group. 

39. A compound according to claim 38 where the reactive halide 
Junctional group is selected from the grojp consisting of F, CI, Br 
and I and the fcorane derivative croup is selected from the group 
consisting of a ncccnic acid group, a boror.ic ester group and a 
borar.e group - 

40. Use of a compound as defined in any one of claims 31 to 39 in 
a polymerisation reaction for the preparation of a polymer. 

41. A film of a polymer as defined in any one of claims 1 to 29. 

42. A coating of a polymer as defined in any one of claims 1 to 
29. 

43. A composition comprising a mixture comprising a polymer as 
defined in any one of claims 1 to 29. 
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Figure 1 
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